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It was shown earlier (1)  that E. coli B  treated with  dilute (1-5 X  10  ~  ~) 
aqueous solutions of mustard gas [bis(O-chloroethyl)sulfide]  are unable to di- 
vide, yet their virus-forming capacity is unimpaired. Bodenstein and Kondrit- 
zer (2) have observed that the nitrogen mustard N-methyl-bis(O-chloroethyl  )- 
amine blocks the desoxypentose nucleic acid (DNA)  formation of amphibian 
embryos without altering the formation of pentose nucleic acid (PNA).  Since 
the viruses that have been produced by mustard-treated coli are rich in DNA, 
it was of some interest to determine whether the DNA formation in uninfected 
coli  cells  is disrupted by mustard gas in a manner similar to that noted  for 
amphibian cells. If DNA synthesis in coli is blocked by mustard, how is virus 
DNA formed in these cells? 
The present paper deals with experiments designed to answer some of these 
points.  The  results show  that DNA  formation in mustard-treated  coli  was 
virtually zero or just sufficient to maintain a  constant level, but when these 
cells were infected with T2 virus their DNA content rose steadily. These re- 
sults suggest that in some way the infecting virus has reactivated or replaced 
some part of the DNA-forming mechanism of the host. 
~KPERTM-C.NTAL 
The bacteria were grown and treated as described in the protocol, and the 
results of the experiment are in Table I. Cold trichloroacetic acid (TCA) was 
added to thegrowing suspension of cells rather than to the centrifuged cells, 
because it has been shown (3)  that in some instances nucleic acid can be lib- 
erated into the medium without any apparent lysis of the cells. Our procedure 
permits the determination of the  total TCA precipitable nucleic acid in the 
system. 
Results similar to those shown in Table I were obtained in a second experi- 
ment in which the conditions were nearly identical. In a number of less com- 
plete experiments, the results were not qualitatively different from those shown 
in Table I. 
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Experimental Procedure Used in Table l 
To 500 ml. of log phase E. coli B  (2  ×  l0 s cells/ml.) in nutrient broth was added, 
with constant agitation, 0.72 ml. of an ethanolic solution of 2.8  X  10  -t molar mus- 
tard gas  (H)  solution making the final concentration of FI  =  4  ×  10 -4 molar. This 
suspension  was  incubated  with  agitation  for  10  minutes  at  37°C.  after  which  the 
cells were chilled and  centrifuged  at  5°C. The cells were resuspended  in 500  ml.  of 
TABLE I 
System 
A 
Normal coli 
B 
Normal coli+ 
virus 
C 
H-toll* 
D 
H-call + virus 
Time of 
samples 
removal 
rain. 
Optical 
density at  Virus titer 
650 rr~ 
0.085 
0.170 
0.285 
0.420 
0.075  1 ×  108 
0.045  2.7 X  I(F 
0.055  3.2  X  109 
0.07  3.1  X  109 
O. 085 
0.10 
0.13 
0.17 
0.08  1.4 X  108 
0.075  1.7  X  10  9 
0.075  3.6 X  I09 
0.075  3.6 X  10' 
3' PNA/  v DNA/ 
mL  ml. 
6.3 
10.5 
17.0 
24.0 
4.8 
9.2 
13.5 
15.5 
5.0 
4.5 
5.0 
,1.2 
4.9 
5.0 
6.3 
9.0 
"r PNA/ 
lO* cells 
59 
57 
51 
36 
56 
55 
34 
32 
58 
82 
141 
150 
64 
64 
56 
56 
DNA/ 
109 cells 
24 
21 
21 
21 
24 
46 
68 
77 
25 
22 
25 
21 
24 
25 
31 
45 
* In system C  the rise in optical density is a  mvasure of the swelling of the ceils for as 
was shown previously (1) and confirmed in the present instance, they are incapable of divid- 
ing. 
The figures for the "r PNA and at DNA per l0  g cells in this system (C) were calculated on 
the basis of no change in the number of cells during the experiment. 
fresh  nutrient  broth  at 37°C.  Two equal halves of the suspension  were placed in  1 
liter flasks and  to one, indicated  in Table I  as D, was  added  0.85  ml. of 3  ×  l0  ll 
T2r  +  virus/ml. The other half served as the system  C. These two bacterial systems 
were  gently  agitated  in  a  37°C.  incubator  and  at  predetermined  intervals  60  ml. 
aliquots were removed and the various analyses performed on them.  Systems A  and 
B  were similar to C  and D  except that  they received no pretreatment  with mustard 
gas. 
Optical Density.--The bacterial  population  was  estimated  in 22  X  175  ram.  test 
tubes by means of a  Coleman Jr. spectrophotometer set at 650 m/~. 
Viability.--This  was determined by the plate count method after suitable dilution 
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Phage or  Virus  Titer.--This was the usual plaque count method. Dilutions were 
in general serial 1 to 100 ml. and the final dilution 0.5 ml. into 9.5 ml. of 42°C. 0.8 
per cent agar in nutrient broth containing  1.5  ×  107 log phase E. ¢oli B. 2 ml. of 
this mixture was then spread on the warm previously prepared 9 cm. agar plates. 
The number of plaques formed in 18 to 30 hours multiplied by the  dilution  is  the 
phage titer  recorded inTable I. 
Extraction of Nucleic Ac/d.--This extraction procedure is similar to that described 
by Schneider  (4). To a 50 ml. aliquot was added 50 ml. of 5 per cent ice cold trichloro- 
acetic acid (TCA). This suspension  was centrifuged cold and the precipitate washed 
once with 10 ml. of cold 2.5 per cent TCA followed by centrifugation. The residue 
was extracted at 100°C. with 1.5 ml. of 5 per cent TCA for 15 minutes, after which 
it was centrifuged and the supematant decanted off and saved. This procedure was 
repeated on the residue  and the supematants combined and kept for the  nudeic 
acid determinations. 
Pentose or PNA  Determination.--Ttfis is the Bials-orcinol  method described  else- 
where (5).  The method was standardized with purified crystalline 1-arabinose. The 
conversion factor of pentose color equivalent to PNA was 2.15. 
DNA  DaerminaZion.--This  is the diphenylamine test of Dische (6)  standardized 
with  highly polymerized thymus nucleic  acid  and  also  the  Schwarz Laboratories 
product. 
DISCUSSION  AND  CONCLUSIONS 
The results in Table I  show that: 
1.  Coli  treated with  aqueous  solutions  of mustard gas  (see C  of Table I) 
and then suspended in nutrient broth did not form DNA during  the 2 hour 
period studied, whereas normal or untreated  cells (A) synthesized reasonable 
quantities in this period. 
2.  The PNA formation was only partially affected by the action of mustard. 
Thus in C  the PNA formation was over half that in normal cells (A). 
3.  In the cells infected with T2r  + virus (I3 and D) the PNA decreased some- 
what while the DNA rose steadily. 
4.  Virus formation was nearly complete during  the first 30 to 60 minutes, 
yet some DNA was formed after this time. If the DNA formed in this later 
period was virus DNA, it follows that some other component or factor is limit- 
ing the virus synthesis. Of course the virus released in the later stages may be 
aggregated or adsorbed to the ceils either of which could account for the ob- 
servations. The latter seems unlikely, however, since there is no evidence of 
this earlier when  the difference would be expected to be maximal. The  con- 
stancy of the virus titers  after reaching their maxima favors our suggestion 
that  the virus formation ceases without  a  corresponding drop in DNA syn- 
thesis. 
The results in Table I  demonstrate that coli respond to mustard treatment 
qualitatively as did the amphibian embryos. The chemical agent apparently 
destroys one or more factors in the cell that are necessary for bacterial DNA 
synthesis, and the virus upon infecting the cell somehow reactivates, modifies, 764  NUCLEIC  ACID SYNTHESIS IN MUSTARD GAS-TREATED E.  COLI 
or substitutes  its own factors in the DNA synthetic mechanism.  If the pre- 
liminary report (7)  that the purine and pyrimidine content of virus and bac- 
terial host DNA  differ  is  substantiated  by more complete evidence it  will 
follow that the DNA synthetic mechanism in mustard-treated coli is not re- 
activated to its original state by the virus. 
In a  recent paper by Labaw, Mosley, and Wyckoff (8)  it is suggested that 
ultraviolet irradiation of E. coli B disrupts the proliferating mechanism of the 
cell but the DNA-synthesizing mechanism is undamaged. The authors indicate 
that  upon  infection  of  these  ceils  with  "1"2 virus  the  "dormant"  DNA- 
synthesizing mechanism is activated. There is probably no serious difference 
in  the  two  concepts since we would  consider  the  fact  that DNA  synthesis 
went "dormant" as evidence that something essential to the synthesis of DNA 
had been altered by irradiation. 
The pneumococcal-transforming principle is intimately associated with the 
DNA-forming mechanism of the pneumococcus organism since it induces the 
formation of more of itself  (DNA)  as well as  the  specific capsular polysac- 
charide  (9)  and perhaps  certain proteins  (10).  The transforming principle is 
also extremely sensitive to the in vitro action of mustard gas (11). If it should 
also prove to be as sensitive in vivo, it would be both interesting and sugges- 
tive. 
SUMMARY 
Following exposure to dilute aqueous solutions of mustard gas, suspensions 
of E. call B  do not produce DNA although PNA is formed in nearly normal 
amounts. When the treated cells are infected with virus T~, DNA is synthesized 
and RNA is not. The DNA formation continued after the virus fiter reached 
a maximum. 
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